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Metallurgy 


formation Under the microscope if LS found that Al 
particles tend to disappear while the f(anitaaliy?) ™1t 
partjcles expand (Figure & for 30° Al miature 8 hours at 
620 C, then heated to 1 250 as and ammediately cooled. 

x 400). Finally. Figure 9 shows shrinkage asa function 

of composition for 1. > and 5 hours at | 250 following 
heating for 8 hours at 620 at There as a Slight expansion 
for mixtures ~15 - 45°. Al. It 18 emphasized that in 


sintering a mixture of materials, at 28 important to outgas 
at temperatures below the molting point of any constituent 
There are 9 figures and 3 Sevict references 
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They ran be fully eliminated by sufficiently extended high-temperature 
annealing, Furthermore, investigations were carried out into creer after 
hard facing of metal ceramics pressed from iron powder, Results cf ex- 
periments are given in Table 2. It was established that hard facing speeded- 
up diffusion creep at high temperatures (e.g. in iron at goo°c) mainly at the 
unsettled stage. At lower temperatures (700°C for iron) hari facing caused a 
decrease in the creep yate. This proves that creep at such temperatures has 
not a purely diffusi t probably a dislocation nature, Results cttained 
from experiments with Co-Ni, Ni-Fe and Ni-W powders [Ref 6; were analog7us 

to those obtained with other systems including the Cr+ Mo systems. Pure 
component and 50% Cr + Mo powder mixtures were tested at 1, 300°C in a vacuum 
under a load of 75 a/une . The samples were preliminary annealed in a va7sum 
at 1, 300°C and 1,500°C for up to 14 hours. des deformation rer, 
shrinkage in sintering during preliminary a! sling was studisd. Results of 
experiments are given in Pigure 4, It was established that diffusion “reer 
was always accelerated (mainly at the unsettled stage) in samci+s "aving 
excessive vacanaies, arising as 4 result of non-uniform partiai he'«" 
diffusion. In metal ceramic samples of Cr and Mo powder mixtures, "re  re*P Y 
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acceleration was oorrespondingly low at 1, 300°C, when heterodiffusion occurred, 
Annealing at 1,500°C during 50 minutes delayed the creep of pure component 
samples; on the ether hand, the creep of powder mixtures was accelerated 

After extended annealing (8 hours) creep of powder mixturas wan ajowed down due 
to the gradual elimination of excessive vacancies 

There are: 1 photograph, 1 diagram, 3 tables, 3 graphs and 6 Soviet meferences. 
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TITLE: ®Recovery” Under Load¥in Processes of Diffusion Creep of Met1i- 
Ceramics 


FERIODICAL: Izvestiya vysshikh uchebnykh zavedaniy. Thernaya metailuretya, 
1960, Nr 5, pr l2i - 129 


TEXT. Diffusion creep in porous meta. ceramics wag studied by ex- 
periments made with specimens pre ed from copper powder’Kelectrolytt: origin, 
grain size — 50%), nickel Sesaee Venaucas from carbonyl; grain size lu - 15 
and tungsten’\grain size 5 - low) The experiments are {llustrated by a 
number of graphs, It was established tnat metal, alioy and, particularly, 
metal cerami: specimens, subjected to diffusion creep at raised temperatures, 
ravea.ed considerable retardation of other diffusion processes, such as sin- 
sering, recrystailization and heterodiffusion. This retardation was connected 
with the non-equilibrium state of the specimens and arose in sonnectian with 
the gradual approach to the equilibrium. Diffuston coefficients decreased 
correspondingly. Thus, speeded-up “recovery” of equilibrium properties under 
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load occurred.- Retardation of diffusion processes at various temperatures 

was proportional to the rate of diffusion creep, if applied strain was 
constant, If at various temperatures "corresponding" strains were applied, 
wnich caused the equal rate of creep, the retardation of diffusion processes 
was the same, The retardation of diffusion processes in diffusion creep did 
not. depend on the sign of the strain applied, and was equal during tension and 
compression. The first non-steady Stage of diffusion creep may be interpreted 
as corresponding to the decreasing rate of creep proper, resulting from the 
speeded-up recovery of the regularity of the crystalline lattice and the 
equivalent values of self-diffusion constants under load. 

There are: 10 graphs, 1 set of micro-photometric curves and 6 Soviet. references. 
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Influence of Plastic Deformation of Nickel on the 


Diffusion Rate,in the Ni-S System 
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\ 

Fizika metallov 1 metallovedenitye 1960. Vol Y, Nr 3, 
pp 369-373 (USSR) 


Specimens of the shape of rectangular blocks, 
5 x 5 x 10 mn, were made from technically pure nickel]. 
In order to remove distortions due to mechanical working, 
the specimens were annealed in a reducing atmosphere of 
hydrogen at 1000°C for one hour They were then detormed 
in compression and the degree of deformation 6 was 
determined from the formula 

H - h 


where H is the initial thickness of the specimen and 
h is the final thickness after compression. The 
maximum degree of deformation was BON. After deformation, 


the specimens were subjected to diffusion annealing in he, 
sulphur vapours. Several] specimens with various aenesen 
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of deformation were annealed simultaneously. In order 
to determine the diffusion rate of sulphur tin nickel 

the thickness of the layer of N1i-S compounds formed 
during isothermal annealing was measured by means of a 
MIM-6 metallurgical microscope or with a micrometer 

Two methods of annealing were tried, the first as 
outlined by Presnyakov's paper (Ref 6) and the other by 
annealing nickel itn sulphur vapours The first method 
proved to be unreliable. The second method. which was 
adopted by the authors, involved annealing in a special 
simple vacuum apparatus in which the Vapour pressure of 
S could be fairly accurately attained and controlled 
independently of the diffusion annealing temperature of 
the specimen. The apparatus has two nichrome heaters 
mounted on one vertical porcelain tube. The lower 
heater volatilizes the S and the upper one 18 a 
furnace for diffusion annealing in the middle portion of 
which the nickel specimens were placed on a holder. TG 


Above the second heater 1s a cooler on which the Ss LV 
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vapours condense. After each annealing, the § 

was scraped off the walls of the cooler and thrown 

into the lower volatilizing furnace. The quantity of 

S in the volatilizer was chosen so that this el-nent 
should not be able to volatilize completely during the 
maximum annealing time. The upper portion of the 
porcelain tube,through which the ends of the thermocouple 
were led to a hermetic seal, were connected to the tube 
for evacuation and pressure control in the apparatus 
Evacuation by means of a vacuum pump reduced the pressure 
in the apparatus above the cooler during annealing to 
approximately 10 2 mm Hg. The temperature of the 
volatilizing furnace was maintained at 3UU°C which 
ensured a S vapour pressure in the working space of 

the furnace of approx 50 mm Hg (Ref 7): the temperatures 
of the volatilizing furnace and the diffusion annealing 
furnace were controlled by two nickel-nichrome 
thermocouples. The lay-out of the apparatus 1s shown 


In Fig 1. Diffuston annealing was carried out at whe 6% 
So 
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for one hour, at 500°C for one hour and at 600°C for 

15 and 30 minutes. Control runs were carried out at an 
annealing temperature of 700°C. The results are shown 
in Fig 2. The dependence of the thickness of the Ni-S 
compound layer on the degree of deformation 6 , which 
can be found experimentally, enables the change of the 
diffusion coefficients D of S_ through this layer 
with increase in 6 to be determined. For the 
evaluation of D. Pines‘ ratio D=Q7/4t was used 
(Ref 5), where { = thickness of the phase layer forming 
as the result of uniform diffusion, t = time of 
isothermal annealing. In Fig 3, the values of diffusion 
coefficients thus found in relation to degree of 
preliminary deformation are shown for Ni specimens 
annealed in S vapours at 600°C for 30 minutes. From 
the values of D found, the activation energy of 
diffusion of §S vapours through the layer of nickel 
sulphides formed were determined from the relationship 
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f defects, annealing for 35 hours at 
representa the dependence of the quantity 
are the life before and after inter- 


hourg at 900°C; for a complete healing o 
1040°C is necessary. Fig. 3 graphically 
Ave %) + % - J on the time t (x, and t, 
mediate annealing, 7 i9 the mean life without intermediate annealing). Herefrom, 
conclusions are drawn as to the aiffusion-character of healing. By extrapolation 
of the etraight lines obtained from the experimental data, the annealing time 
necessary for complete healing of the defects ie determined as being 105 hours at 
600°C, and as being 16 hours at 1040 C. The ratio between these two times is 

about 7.2 and corresponds to the ratio between the coefficients of the self- 
diffusion of copper at these two temperatures. Thus, all arguments indicating the 
diffusion-character of the growth of cracks after stresees are strengthened. There 
ere 3 figures and 5 references, 4 of which are Soviet. 
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TITLE: Concerning the activation energy of the temperature background of internal 
friction 


SOURCE: Fizika metallov i metallovedeniye, v. 22, no. 4, 1966, 632-635 


TOPIC TAGS: activation energy, internal friction, temperature dependence, crystal 
dislocation, impurity level 


ABSTRACT: Two standard equations were given for temperature dependent interna. fric- 
tion: 


A 
gel eden uskT) yo! eves ORT). 


In these equations it was noted that the activation energy of background intermas 
_ friction (U) was very different fron the activation energy of the praia bouncary peax 
(U,). For example, in Cu the value of U, is 48 kcal/mol, wile V is only §-10 kcai/ 
| fmol. No internal friction mechanism could be related easily to such low values of U. 
| therefore a new equation was presented: Qn =: K[wenp (Uig/kTI™. 


upc: 539.67 
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‘where K and n are constants in a particular temperature range, Ug is tne activat.on 
energy for viscous dislocation flow, and w is the oscillation frequency. ‘Tne vaiue 

: of n could be obtained from the frequency dependence of Q@°}, and was related to J Ly 
U=nUy. Values of U, n, Ug, and activation energies for self diffusion were tabu- 
lated for ten different pure metals, in various temperature and frequency ranges. in 

| every case, Uy was equivalent to the activation energy of self diffusion. Vaiues of 

‘n ranged from 0.17 to 0.38. The experiments quoted were done on vacuum pencu.urns of 

' the Ke type at frequencies ranging from 0.25 to 3.3 cps and amplitudes below 2°10 3 

. Data were also given on the effects of linear and point defects in pure alunimum. oO 

; location densities were varied by cold working different amounts and Fe, Si, ana Cu 
additions were made up to 0.3%. Values of U ranged from 4.0 to 11.0 kcal/mol; how- 
ever, Ug did not vary by more than 10% from the 99.9998% aluminum value of 36 kcal/ 
/mol. From a phenomenological point of view the new equation for Q 1 was related to 

_ a broad spectrum of relaxation times t = to exp(Up/kT), where Up is constant; that is 


° 


! OT td 
rc =4,\ li+ ws? : 
5 : 


; where dz is the number of values of to in the intervai dt9. Orig. art. has: 2 tables, 
' 6 farmnulas. 
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ius E of eiasticity increase with increase in the N. concentration 0} the allOv. wae. fests 
Pg (ice. tue w:nat of linear increase in creep) uncariy decreases With .ncrease an. 

and reaches v when T Tn p Nevertheless, i cannot be regarded as an analog. oy 

point at high temperatures at which aiffusivun creep Occurs, Decause the values Of; o. cuss 
-worked met.s anu alioys are lower than in specitens annealed at high tenperateces, 

At mediun.teni; ecatures preliminary cold work.ny causes hardening of tne metal ac 7 
dation of creep rate, Whereas at temperatures close to the melting point prelimin.: | 
working Icac. to "softening" of the metal ana isere:se in creep rate. There 1s as vet. 
ambiguous cd,a.tation fur this phenomenon. |... De associated with tne enhance 6 7 
equilibrium) coacentration of vacancies occuri.ay, -. the presence of a large number v2 iss 


locations which results in an accelerated climb of cisloc...ions." The authors are graicit. tv 
S. §. Avotin for participation in preparing specumcns oi the alloys." Orig. art. has: 
4 figures. 
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in the course of sintering. Disloostions and vacancies have different offeots on 
the magnitude of the diffusion coefficient. O. Padalko 
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GS:.- slectron diffraction camera | 


= otoplate: magazine “capable: of. arenacing 24. Siete. pn. four | ae, sa 
12-cm plates) Without reloading-ie described...The new electron-diffraction — fe, sewene 
amera is. equipped with three specimen holders (independent specimen heating); 


} 
hich can be successjyely introduced into the electron beam. The specimens are | 
astened: to.tantalum’strips which carry the controllable heating current. Also, | 
“ansillumination of film-type specimens is provided for, Sketches of the camera | 
‘and specimen holder ‘are supplied. Orig. art, has: 3 figures. 
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ABSTRACT: ‘The ‘absolute: values of the number. Ny and volume Vy of pores of aiffer- 2,0. 
bent. ee: and. of the total submicroporosity V;.1s determined.on the basis of A = 7 
} small-angle eae phe rr obtained by the authors earlier (FIT v. 3, 1475, yo 
Buy v. 3409, The material tested comprised electfolytic filns 
‘Of copper las iron eat as compound copper~nickel films, ealed at. 
fferent temperatures under the influence of tensile stress ani without such | *. 

: peng The earlier investigations yielded only the relative values of these BAe oy 
_& | quantities The absolute intensity of the incident radiation was determined by ‘; 
. UU eshaeain the = tee of the primary. beam attenuated de passage tanoneh nares 
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" = he Femulte-ere: tetulated.. -Tt-da concluded that the: mall-angle cag 
lcattering method does not yield the total volume of the pores present in the body, =< 
“| although the variation of density with annealing temperature, both with and without 

| load, is qualitatively in agreement with the results of this method. Orig. art. ot 
has: 10 formas and 1 teble. | i 
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ABSTRACT sherpouiechani cal. working’ is: defined oi sanmaling: at 8  beacratie below 
the Curie point,- with simmltaneous application of a unilateral elastic compression 


or tension in the absence of a magnetic field. This is claimed to be the first 
" nvestigation of the influence of thermomechanical working on magnetic properties! 
{f of: ferrites, and the research was undertaken with ¢ an aim at comparing the results 
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PTITLBs . Speed of the diffusive creep in metalb at submelting temperatures 
‘SOURCES Pisika metsllov 4 motallovedentye, vol. 15, nos, 1963, 584-592 
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PIC TA0Ss creep An metal , creep in copper, velocity of creep 


_ ABSTRACT: According to the existing postulates, the diffusive creep in the homo~ 
; Geneously stressed bodies is caused by the cxistence of atomic sources and voids 
 dnside and at the periphery of the body, ‘he formlas expressing the speed of a 
| steady diffusive cresp derived by C. J. Herring, 1,.M, Lifshits, J. Harper, 

’ 1) L., Shepard, and J. Dorn are compared; the theoretical and experimental data’ 

, concerning the effect of the specimen substructure on the creep velocity are 
|. |} discussed, The experiment involved the stydy of the creep velocity variation 
‘| (under tension) in 13 electrolytic copper?pamples. The samples, 4iffering in _ 

“ } fain sises, were subjected to various treatments before experinent, The wien 


og 
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y..- | velocity measurements in all the samples were nade at the same texperature (10, 
‘band load (pe25¢/ane). The experimental conditions corresponded to the diffusive 
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the velocity of which depends on the applied stress p. The creep yelooity 
op observed in these specimens was in the interval from 5.6 x 10°? 1/sec 
to':3x107° 1/sec. ‘The authors conolude that the difference in the speed of a 
| sendy creep at the temperature 10100 may amount to more than 3 orders of magni- 
"| tue and.that this speed varies onthe structural and substructural state of the 
spuiimen, determined by the kind of the preliminary treatment. However, neither 
of the: assumed substructure types, which detersine the distance between the atomic _ 
‘ sourves and voids, can explain the broad range of velocity variations. Possibly | 
jj the effects obtained experimentally were caused by the superposition of various 
| Subst sacture types. “Orig. art. has: 4, formilas, 1 table, ard 6 figures. 
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"Preparing wonocrystals of mM, co Cu and Cu-Ni alloys ‘tn a vacuum 
smelting furnace a1 “at 


"PERIODICAL: - Zavolskeya leboratoriya, v. 29, no. 5, 1963, 588-589 


3 ‘armas ; Pines, 3B. Ye. ont a Tyanoy, 1, G. 


ENT: =A eAmple method of forming monocrystals of aifficultly-fusible 
' tretale, nickel, copper and nickel-copper alloys directly from fusions has been 


_. worked out. The molten slloy, in a crucible, is driven up into » zirconium 
test tube by. nitrogen at a pressure of 1 atmosphere. The temperature is lowered 
- to several degrees below the solidification point of the alloy and kept there 
' wnder vacuum for 1 hour. Then it is slowly cooled. Monocrystals up to 100 m 


ra tn length and 3-5 tm in diem. have been obtained. There ere 2 figures. 
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PINES, B.Ya.; SIRENKO, A.F. 


Regularities of the creep kinetics of metals at high temperatures. 
Fiz.tver.tela 4 no.10:2727-2732 0 '62. (MIRA 15112) 


1. Khar'}pvskiy gosudarstvennyy universitet imeni A.M.Gor'kogo. 
(Creep of metals) 
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PINES, B.Ya.; SIRENKO, A.F. 


Mechanical properties at high temperatures in equilibrium and 
nonequilibrium states. Fiz.met.i metalloved. 14 no.51693=700 


N '62, (MIRA 15:12) 
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(Metals at high temperatures ) 
(Phase rule and equilibrium) 
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VUTHORS ! pines, B.Ya., Grebonnik, I.P. 
TILL: Electron diffraction investigation of heterodiffusion 


in the system Ge-Si 
PERTECDIG ML: hristallograttya, v.88, not, 1963, 16-20 


TEXT: An estimate has been made of the coefficient of hetero 
diffusion between very thin layer® of Ge and Si at B4yo’c. This 18 t 
not significantly different from the value found by D.A.Petrov, 
Yu.}..3hashkov, and T.r.Akimchenko (Collection: Voprosy metallurgiid 
i fiziki poluprovodnikoy (Problems of Metallurgy and Physics of 
semiconductors) izd-vo AN 5558, 1957, 130-132) for massive 
specimens. 1t is often asserted that the diffusion coefficients 
when lavers of only 100 to 1000 atoms thickness are involved 
differ from the bulk values. The length of time required to 
equalize the concentration of Ge and Si throughout 4 thin layer 
gives 4 measure of the diffusion coefficient. This process could 
be followed by electron diffraction as © double layer was annealed 
in the camera itself. Ge was deposited on 4 substrate at 4OG °C 
and a layer of Si was evaporated on top at room temperature. The 
Ge layer was crystalline and gave sharp spots and the Si layer was 


Card 1/2 


APPROVED FOR R : 
ELEASE: 06/15/2000 CIA-RDP86-00513R001340920 
003-9" 


CIA-RDP86-00513R001340920003-9 


"APPROVED FOR RELEASE: 06/15/2000 


$/070/63/608/001 /003/05'4 


Electron diffraction ,,. E132/E460 
amorphoun, At 450-So0°% the proceas of equalization of the 
concentration had not yet begun, At 800°c the Si Crystallized 

and at &4co°c the system became single-phased, From the time 

required for this Process and the thickness of the film, the 4 
diffusion Coefficient Could be estimated ag 3 x 10-14 em2/sec from V 
the equation x2 Dt, where x is the thickness and tthe time; 


t was about 120 sec at 840°C and became too Short to measure at 
hicher temperatures; x was about 10-6 cm, There are 3 figures. 
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AUTHORS 1 Pines, B. fa., and Sirenko, A. F. 

TITLE: The kinetics of the creep of metals of high temperaturoo 
PERIODICAL: Fisika tverdogo tela, v. 4, no. 10, 1962, 2727 - 2732 

TEXT: The lawe governing the creep of metals were atudied on specimens of 
electrolytic copper, previously rolled and annealed for 20 hre at 1050, 


The change in load necessary to maintain a constant creep rate over a wide 
temperature range was checked in order to verify the formulas 


Ve Kp"exp( -«/RT) 


(J. Dorn. J. of Mechanics and Physice of Solids, 3, 85, 1954), where V is 
the creep rate, p is the load, ,. is the activation energy. The experimen- 
tal results obtained with an arrangement described in FMM, 7, 766, 1959 
showed this formula to be correct. The exponent mn decreases ith increas- 
ing temperature down to n = 1 at about 950°C. There ere 5 figures. 
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AUTHORS: Pines, B. Ya., Kuznetsova, R. I,, and Dubovik, M. OF, 
TITLE: Development of submicroporosity in composite electrilytic 


films of the Cu - yn, system during heating and loading 


PERTODICAL: Fizika tverdogo tela, y, 4, no. 12, 1962, 3409-4414 
TEXT The Scattering of X-rays at smal) angles and the kineticg of the 
destruction of thin electrolytic filme of pure metals (cu, Ni, Fe) were 


inveatigated in Continuation of Previoug 8tudieg (B. Ya. Pines, R, oo 
Kuznetgova, PET: 3 1475, 1951; 4, no, 5 1962). the Change of gyn. 
microporosity in Cu-Ni filme during annealing at different temperatures 
witnout and with load (230 e/mm?) wag Studied by means of X-ray scattering, 


4 COpper film was electrolytically deposited On @ polished stee] plate, 
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SUVA A? ons 
Development of Satmieroporeaity .., BlO4 “BIO 
19 explained by add:ti nat Sormation of Pores throug. nonmuinifuer part.a, 
heterodiffusion (Frenkel! effect of first Kind). Under annealing at Va Ie 
subm:croporosity in the unloaded state Increases at first, passes throuen 
a Maximum and then drops, annealing ander load always lenis to an inc reage 
in submicroporogity; the hirher the annealing temperature, the bisrger 
tne increase. The development of submicroporosity in consequence -f 
heterodiffusion leads to a noticeable reduction of the hea: resistance 
offered by the composite Cu-Ni films. The amount of thie reducticn is 
determined not On.y by the total volume of the pores but algo by their 
distribution ir the film. There are 3 figures and 1 table. 


ASSOCIATION; Khar'kovakiy &0sudarstvennyy universitet in. A.M. Gor'xogs 
(Khar'kov State University imeni A. M, Gor'kiy) 


SUBMITTED: July 2, 1962 


Card 2/2 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9 


CIA-RDP86-00513R001340920003-9 


"APPROVED FOR RELEASE: 06/15/2 


000 
| at 


eA lebSbE/t| traits, Citas ; 
“193/343 


ALT HOats - Mines, f.y,. anced CaFenhko, ASE, 


Title: ‘Rothe prot dem of Hich-temperatura mechanical] a ce re 
CE Pte P A 4 rec emens an tha PU i librium AMA means 
eat laibriaum cond tition 


PFRTIODICAL - ht7ikha metaliov 4 metallovedenrye, Ve lt, no. 4, 196g, 
Hoy - Hyg 
TEXT: the rate o;| diffusien Processes, which Play an amportant 


Part in the deformation of metals at elevated temperatures, depends 
on whether or not the metal is gn a state of equilibrium. This can 
be explained in terms of a Hypothesis that the procese o{ “healing" 
Of defects in a distort ec crystal lattice is accompanied Uy tie 
formation of Noconsaderable number Of excess VACANC LES ace oleriat png 
all the diftusion DroCcesaaen, Ihe obyect ay the present Pav estas 
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atures. Creep CeStS wore Conducted ony Nai, Fe and Al Specimens in 
both Coltll-work ed (L0-7u reduction in thickness) and annealed 
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PHASE I BOOK EXPLOITATION sov/5953 
Pines, Boris Yakovlevich 


Ocherki po metallofizike (Essays in Metal Physics) Khar'kov, Izd-vo 
Khar'kovskogo gos. univ., 1961. 314 p. 5000 copies printed. 


Resp. Ed.: I. V. Smushkov, Candidate of Physics and Mathematics; 
Ed.: A. N. Tret'yakova; Tech. Ed.: Qa. P. Aleksandrova. 


PURPOSE: “This book is intended for scientific research workers and 
engineers working in the field of metal physics and physical 
metallurgy. It may also be useful to senior students specializing 
in metal physics at schools of higher education. 


COVERAGE: The book deals with the molecular and kinetic character- 
istics of metale and alloys. The following are examined: 1) 
approximate calculations of equilibrium diagrams of metal alloys 
for two-, three-, and n-component systems, the comparison of cal- 
culated and experimental diagrams, and the comparison of alloy 
constants taken from diagrams with experimental thermal constants; 
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Essays in Metal Physics (cont. ) sov/5953 


2) the evaluation of surface tension of metals and alloys, in- 
cluding interphase surface tension, with adsorption effects 

taken into account; 3) various phenomena connected with the mar.- 
ifestations of self-diffusion of metals and alloys, such a8 sinter’ ‘y 
recrystallization, diffusion creep, and delayed fracture; 4) the 
phenomena of diffusion in alloys and their effects (the Prenke . 

and Kirkendall effects, the effect of crystal-lattice distortion «n 
diffusion, etc.). The book is based to a considerable extent on 
results of investigations carried out by the author in cooperation 
with A. I. Bublik, Ya. Ye. Geguzin, A. F. Sirenko, I. V. Smushkov, 
and E. F. Chaykovekiy, all of whom are faculty members at Khar'kov 
University. There are 134 references, mostly Soviet. 


TABLE OF CONTENTS: 


AS. 


Foreword 


Introduction 7 


card 2/9,’ 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9" 


"APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9 
a s . ; % am " rs es Eee 


3 
/ 
, " . 
' bp 
Rear eanCR ies eae Sy 8 alee y ch a ONG od 
eaeae 
aie bas os MoMmednmae de. PUG Pied oa Se pie Poca She ee as 
wemperavares 
$ see oe : = 
aa te ke Padana oVe . ew eUewy ¥ ’ 4 , 
trois te : : t 
Pos - is ‘Sard been Veta ae ew ad wet oh we eo & a ~~ 
Rote Wer a Sora Vu Boge Oe Fo Das. eee ~ 
he, pas 2 wate ae BT BS Ve Se Ran 
a - ~ a nee “ wee 
"a eee oo 2e Si 6S ae Se Raye ai ABER Sra oe oT wo 
.20ns 13 weCTeasiig tec eka re tne Carve 
Content Fa bp GEIS a Sg a BS he a ee et. te 
Values cf Concent rats on deres ‘ rs 
foK Tea: yegwie -¢. - tas. Cat fe. eae - 
Tate os oc mirror iGaugé Cf tine Cohen eret. N 
7 4 . yg y < “? ¥ . ~- con Phas 3 7 
foe aoct Seopensence vi i aa SS BSE eae bce: Ss ~ 
-- - er - Bae ay pa a eat er) in tne 
SON CERM TLS ves@ SCs mscsisausas Cust llc l ei Ms 
: ~ - te Riwig 
al - ¢ o- . aa . y . - - cod 
Micxse. Co ses ©F6mn Cte Goa then 2eee Ny s. aes 
"amy ae . Sj ee ee -. z : ae 7 
Bai ghrtay BOS Gal piva ye at AYR 2 Way SOE - 
Cari 1/2 
t . =. | Ne = 
Pf re i : 
at. 5 Bes Geeceperne es 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9" 


"APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9 
ao sae . i se Eat : / 5 Panera | aes 


a P's 
» ; > oA eo - vt a Oe 
MEChLaNLCHs properties Ul ... At RSs 
Tater fate sonia end v Bb 4 , 
QppPOKsMAtion 10g Vt, 23 anae se z t ; 
Sy peed, @he Lhe ete. See Ree ERs 
z Sa eS £ 
: wate Ve TS ‘ 
r ia * carts - Fj e -, 
Rai ets ae So aay i ites Tae ed ae, TASS” Ro 
protectela Pron eva, vrativin then To 25 Stu. eee 4 J - 
r tect _ r, isin vy - oo Apt r . 
Cu4n5¢g oelcsme cifariy ae, 1 arent at 
14 “A _¢ Mas 7 - 7 € wociccd ails ie : a 
distinct a hen aa ges vi SG PS eh ee GaSe AS Ses SelB Le ee has Teer 
in alloys ;cor sn nicseel Wei ity 
Pat oe Se Re ee See. mete wo oN . ee - 
Aov vs ates arate RLar RSV Sie. Pe Dasa Pa ee ie, 
r wt sys a - 1 
roe - - a. . “ » - 
peer rere ~~ Gis Gle ny we 


Pe fiot : 
vals 2/2 


reve! 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9" 


"APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9 


"APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9 


ab epos en Peas 


big the VaCabhoy concentratsel 


a 


riod; han.c Dactor 


Vie rae 


1s the veue wOneh 


serrier vertex". 


i : t ‘ag 

tah, ee PE So = expr, 

ure thesmatuar potentia, ve j on x 
3 ¢ 


e 


free efiereys at —— | 
AF =—(1—25 (1 — cp)" UU gg + 2€y(1 — Ca) Uyn\- 

® - 

-di 


(Sa) 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9" 


"APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9 


awsty eae vous ‘ - Pos + + . . . 
5 ne sae . Tatheew PF . dis Haaeye LUnm sltuarwes ore tae 
ro a bess at be t u t ¥ 
a sat on ah we . J hed Bade cue 2a Cs Oba be ure ov ainea ifos 

N ary asa dae 

~ ~u x ants Te bt ne r 


# \ 

1 "ers i 2 

DG= Mexp FFy = end ai! ] Yossi 
; 1} ere 2 a ; 

D= Mex yp a Uma t F295 Jeon | 


(9) 
i # a) / 
DSt= Mexp pe op Ucuce (4 — #9 | Youn 


” 
ens 


- 2 
DXi = Mexp o¢ | 3 + 2-2 Une 


—s" | at ee 
‘ <seap wf. AT (9m Fee 
Oi , (9a) 
. Lowe + dis— 8) ig — aay 
= >N =exp WT s (Fn 16 ) 


weet cue 
< Sexp 2 — s) TF (Ini — Vea) 


~ z : 
ward 19% 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9" 


"APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9 


A ee 


~t 6o Ce gs Ou7™ eeu © 
SC 3a piuc S108 
ne par fudich Caerricaents... 
ale , ale. ae ae g 
_ . i as ee) aa) ev a Po. 
: ; sbitecenee 2 the cael. Va Qratic 
ea — re ‘s i :" 
= es “ 16 ez - Rete 
‘4 eT eee une a Sg 
(Qa 7h: = wegen eS a yr  t hohe, EW Gws re 
ge Op Male eo San / 
-2 : = : 
o eget te Bee eePes Thera ae 4 sap Woes L 
de ge” ~ eye 
’ 4 ome 
: : 7, 6 obese BOT OK SS 
: : ‘eowsnt s1sevarstventy/ univers: tet im, me 4 
di Ae Ae pe Tey reer at, TS$u4a-6 . fe p : . 
oe, eee!  geusteey State University -Teni ae me oy rlesy 
Raethe et ole 
£5 
i otra b4 yh 
r Poa or heentratick @yys 
: bo gee pkgieterents. 48 aepentent on the oa w- cer aoe ies 
aoe we. lek ea de ve ~ : on)! Zz 2! att gu Cascusarec banat ierig ; 
ro oem tel ayperimenta, Curves, ¢¢ ; ‘ 
, ’ 1‘ 


ve 
, 
fed 
t 
G3 
Se 
a 
I 
+ 
p 
a 
2) 
<t* 
ies) 
’ 
+ 


: Leu : a Le rae are: 
(1 and 1) ana Ca.cu.ated \¢ aha «a, 5 
a Qs. 


Js co an 
,-4 - Jesendent on the Ni conce 
oes { d ou as depen 
Pficiente kon) an ya/ 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9" 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340 


920003-9 


5,181, 62/006, 007/523 957 
3102/3104 


Pines, Be. Yau, and Sirenk», 
Ba Dratns soncentrat.on sependence of cree. rate and longevity under 
-oad of meta. alloys of the systems = carbon and 


“00% 
fron - copyer at elevated temperatures 


Pocika tverd.go vera, V- 4, no. 7, 1962, 


“Ge ooncentration dependences of the mechanica. ;roperv.us 9: 


Tea = > ulloys sere eatudied in cast und ponder-wetariurgical specimens. 


‘ee farmer contained < 5.02 (armco), 0.08, o.d6 and 1,o.of © with 
. . . : - - \ nm 2 a + 
iipurities according to a. for the types of 


aieel Mant Sts Mens ySt.5) and Y -10 (je10); the latter 

HAL thOd Uedey Sele Cede Ue? and 0.8) of C. all specinens were 

"OS am ion; and had @ cross section of 2.5%2+9 mm?. ‘he measurenents were 
made at 700-11000C. Tne Fe-Cu specinens (sane size) wero pressed from 


Armco+iron powder and e.ectrolytio Cu (grain size < 50 u) in eight 
ifferent concentrations. after sintering at high temperatures the 


Card 1/3 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9" 


20003-9 


ee 


000 os A haces ee 


LEASE: 06/15/2 
"APPROVED FOR RE 


S; 85°52, Wid, SOP o94 32 
vonCentratior desendence of creep .., B102/3154 

: a 
“eh rements were Carried out under stregges of 3 o-2559 & GM at avy, 


COO an! 19098 | Resulte;: In Fe-c allovs the Creep rate ig PTO;Ortiona? 
HO GS ed LOE gee Coerlicient at al] temperatures and Concentrationg, 
456 tendency way Odserved at Fe _ Cu. In Pe . Cu alloys the con- 
ation Jenendence of the Creen rate ig aq Non-linear function at ai 
Tosures; it is always lower than would be implied by a linear aw. 


aw 


ia fuct ig attributed to a boundary effect of tne different types of 
CPalas. The Creep rate V ig 8 power function of the Stregg 


ae qr 2 ~ ‘ 
2S Res Fe-C n a 4.0, for Pescy n= 6.3-6.5. Ag regards stresseg 


“~ &8F@ not too SMAi1l, this te in agreement with experimental data, 

nm lirst 4Pporoxination log Vt ig independent of streggs and Semperature 
Te >OngZevity under S8trese) but denenda on the 8*ructura) 8tate anj 
“Céntration of the alloy. crt differg creatly for cast and powder.- 
Sa.lurgical 8pecineng of the sane Concentratior and depends 6Te@atiy on 
For Pe - oy alloys, log ve Véries moet Strongly in 
“ne sing le-phased Tegions ang Weacly in the tWwo-phased 


i” 


at 


1G -~N 
Diu 


- 
rh 
Qa 
s 

- oO 
a 
= 
- 
4 
a 
a 
- 
a 
o 
os 
o 
. 


CIA-RDP86-00513R001340920003-9 


APPROVED FOR RELEASE: 06/15/2000 


00 CIA-RDP86-00513R001340920003-9 


"APPROVED FOR RELEASE: 06/15/20 
ee : 


CInEent rae: / A / 
voncentration tependence of creep ,., B98 ao 004/007 / 023/557 
/ 3106 


i - oir x \ 
“poe LO 1350 ° m 
, dy 1953}, “"ere are 11 f: Teg 


STenG Knar'kovakas e 
Savant cogte. Coasdarstvennyy Universitet in. a. y 
tate University imeni . Sor nly) ws Gor'Kogo 

aac y 


aaren 1, 1362 


CIA-RDP86-00513R001340920003-9" 


APPROVED FOR RELEASE: 06/15/2000 


"APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9" 


"APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9" 


"APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9 


ties: 


PINFS, B.Ya. 
Kinetics of sintering in the solid phase. Fiz, met. i sen ataets, 
16 n0.4:557-566 O '63. 


' 
1, Khar'kovskiy gosudarstvennyy universitet imeni Gor'kogo. 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9" 


"APPROVED FO : 
R RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9 


PINES, B-Taes GREBENNIK, I.P- 
ratus with three magnetic 


4 tekr. eksp- 6 no.l: 
(MIRA 14:9) 


on diffraction appa 


High-temperature electr 
chamber. ‘rib. 


lenses and an evaporative 
156-160 Ja-F ‘61. 


niversitet. 


sudarstvennyy U 
ton apparatus ) 


1. Khar*kovskiy #0 
(Electron diffract 


APPROVED FO : 
R RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9 


"APPROVED FOR RELEASE: 06/15/2000 


3 /053,/62,/076 /003 /004 /C05 
ares BICe 


7 " He SEL 
AUTHOR: Fineg, } 
1 
ie grata tee 
17 


Bee Drffagien and me fai Ute Gt oat 
bees : 2 


LEXDODICAL: Uspekhi fizicheonibn naaky *- 
061 nan review hap 
subliche rom Yeo tot wh 
TEXT: Or the baais of papero publish 4 f 


2 > On 1 that ws it ec! . erties of no.iido. 
bean omft iled an a e di a f E My and 108 79 14 4h Ve > r } 

here are 17 figureg anil GG rere rencesg: A Seviet and 3% non- soydat 

i 7 “8 =: a * 


Card 1/1 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9" 


"APPROVED FOR RELEASE: 06/15/2000 


CIA-RDP86-00513R001340920003-9 


PINES, B.Ya.3 SIVOCHUB, V.A. 


per single crystals ir high-temperature 


eohes : sapere 9:2703-2711 S ‘Gl. (MIRA 14:9) 


creep. Fiz. tver. tela 3 no. 
sitet imeni A.M. Gor'kogo. 


er 
1, Khar'kovskiy gosudarstvennyy univ ee 


(Copper crystals, (Creep of mo 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9" 


"APPROVED FOR RELEASE: 06/15/2000 


CIA-RDP86-00513R001340920003-9 


“uy? ‘GC 
$/070/62/007 /OL )f/OCT/0L~ 


Z4,7A60 (153) E132/E 46-0 


AUTHORS Pine p Sirenko, \ F 
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TEXT An examination 18 made of the errors arising in rhe 
Fourier analysis of the form of lines in an X-ray powder piootgrorpes 
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"' AUTHORS: Pines, B.Ya. and Chaykovskty, E.F. 
- —_—_———_—_— ATES _ Sedov 
TITLE: Investigation of the Kinetics of the Recrystallization (f 
of d-Deformed Iron v7 
PERIODICAL: Fizika metallW i metallovedeniye, 1961, Vol.11, No.l, 
“TEXT: The authors, with Kaluzhinova (Ref.1), have shown that in 


the initial stage of low-temperature annealing of copper very rapid 
block growth occurs, expliceble on the basis of 4 dislocation 
mechanism (polygonization); further block growth efter high 
temperature annealing is due to diffusional collective 
recrystallization. The object of the present work was to see 
-whether similar effects occur in other metals, particularly Armco 
iron. Zh.V.Skuratovskaya, G.V.Ptitsyn and V.G,Krivko participated 
in the work, which was carried out as before (Ref .1). In the first 
part the relation between linear block size (e.g. Ly») and the 
degree of plastic deformation (e,% ) was found. This is shown in 
Fig.l for deformations up to about 70%. In the next stage, block 
growth kinetics in isothermal annealing at 600 to 1000°C of 
specimens plastically deformed approximately to 50% were studied. 
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Deformed Iron vi 
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Before X-ray examination,specimens were etched with 5% alcoholic 
nitric acid. 200-micron diameter capillaries were used for 
specimens annealed up to 890°C and larger diameters (up to 560 
microns) for higher temperatures. The work showed that specimens 
50% deformed and having an initial block size of about 0.4 microns 
showed, after annealing at 600, 700, 800 or 890°C for periods of 

5 seconds to 20 hours, effects similar to those found for copper 
(Ref.1); in the initial stages, blocks of about 4 microns are 
rapidly formed, The activation energy for this rapid block growth 
is estimated at 41000 cal/g atom. As with copper, further block 
growth or prolonged high-temperature annealing is diffusional in 
character, Fig.2 shows dependence of block dimension (L,») on 
isothermal annealing time (Vt, hrs); the graphs l, 2 and 3 

relate to the annealing temperatures 890, 950 and 1000°C 
respectively. Activation energies for this process ore 51 kcal/g.at 
at 700, 800 and 890°C and 68,4 at 950 and 1000°C. Changes in 
secondary extinction accompanying the diffusional growth were 
measured as previously (Ref.1) with a type YPC -50M (URS-501) 

Card 2/5 - 2S ; Sd 


AP 
PROVED FOR RELEASE: 06/15/2000 —_CIA-RDP86-00513R001340920003-9" 


"APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9 


a $/126/61/011/001/003/019 
, £111/E452 


Investigation of the Kinetics of the Recrystallization of Cold- 
‘Deformed Iron : 
“ ie cayaewer Pig.3 shows changes in integral intensity I for (110) 
-and (220) lines with respect to block size (L,») at 700, 800 and 
,890°C (curves 1, 2 and 3 respectively). Block size was found by 
the micro-beam method; the authors discuss the inherent errors. 
Fig.4 shows relative errors as functions of block size (L,») for t: 
two sizes of capillary used in the determination and for two 
different absolute errors (Curve 1, On «= 3, capillary 200 »; 


Curve 2, On = 1, capillary 200 »; Curve 3, AN <= 3, capillary 

56 »; Curve 4, ON =1, capillary 560 1»). As the dimension rises 

from 3 to 5.5 microns, the error rises tenfold, There are 2) 
4 figures, 1 table and 7 references: 5 Soviet and 2 non-Soviet,. — 
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1, 1961, 146-153 


deals with 4 theoretical estimation of the gself- 


AUTHORS: Pines, B. Ya- and Smushkov, I- Vv. 
Lesa Ty a a 

TITLE: Self-diffusion coefficients in ailoys 

PERIODICAL: Fizika tverdogo tela, Ve 3s "0+ 

TEXT: The present paper 


diffusion coefficient va 


are baged upon the following equations of the diffusion theory! 
component, 4,* -D,a 


flux of the 4-th 
concentration and Dy 
partial diffusion coefficient. 
a binary alloy 4s given by D = c,d. 
also described 48 being & 


relatior (3): D, ° poo (1+4in f,/%n 
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c,)y where f, 
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coefficient of the i-th component. 
sd ce) | 
D, * Dy [; - 7 e(1-c) 


alloy. 


know oot The estimation of es 


First, a binary alloy of {nhomogeneous concentration distributicn is 
radioactive isotope of the concentra- 


studied; A is assumed to contain 4 
tion c, 


concentration oo(x)s 


c= 0,+Sos For the volume flux of the r 


dc 
AQ = -¥@>1 + c, a) or AQ = las c 


and A is the concentration-dependent 


atomio distance, 


lity of a radioactive atom from one plane 
in which c,(x) and ¢ 


The cases are now investigated, 


c= Cyt C4 43 constant. The following 
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49 carried out for 


(x), the non-radioactive isotopes of the component A 


4g obtained: 
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B006/B056 


If the solid solution is regular. 


4s the mixing energy of the 
4t is therefore necessary ‘0 


yarious simple cases. 


i ena 


have the 


the component B has the concentration (1-c), where 


adioactive atoms one obtains? 


dc 
av | 
1de, ax , where § 4g the inter- 
transition probabi- 
to another (at the distance 6). 
9 x) are variable, but 


Ag = Ao. $4, where 
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p®4(c) - a is the “Vradioisotopio" self-diffusion coefficiert. If also 


8 
cec(x), then OQ = -[ppte) + cy angt ge |. If c,=0 and c,%C, then 
A dc de,} dx 


aD a 
A a= - [o5%¢0) + |S . if cy=0 and c,#C» the partial heterodiffusior. 


1°%(c) 
hd(.) 7 pe*(c) or ae (11). From (7+) and 


coefficient is defined by Dy 


sd 
(3) one obtains pea(e) . pea(s tle), where Dy (1) is the gelf-diffus:ch 
coefficient in pure metal. If the interatomic distance is 4 function cf 
sd 
( 


2 
; c) = Er) peer) t(e), where §(1) is the interatomic 


§2(c) 


distance in the pure metal A. Ine regular solid solution, the activity 


concentration, D / 


coefficient f(c) = exp <r Gers and one obtains 
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Self-diffusion coefficients in alloys B006 /BO056 
p4(c,) = D ay O (ey)! where is the activati yer ¢ _ 
: re oe oaez? - oT - er Q, 8 e activation en gy 9 


self-diffusion in pure metal. Aproximatively, pet b@yexp(As/kis where » 


is the frequency of atomic vibrations, and As is the entropy of self- 


giffusion activation, Doe Dog? For diffusion in infinite dilution (ast 


Q, (0) . a, (1) - y holds. If by p°ec ,D, + CoD5 one denotes the coefriciernt 


of self-diffusion of "averaged" alloy atoms, one obtains the following 
relation in the approximation of the regular solution: 


ed _ sd uO 2 ad Us 2 . 
D 2c ,D, (1 )exp Gee + cpDs (1)exp on 1-eR) ; and for the activation 


energy of self-diffusion of the alloy it follows that 
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Q as 8 function of Al concentration for an Ag-Al alloy is calculated from 
the last-mentioned formula, and is compared with experimental date: 
Agreement, especially for small concentrations, is good. There are 1‘ fi- 
gure and 19 references: 8 Soviet-bloc and 2 non-Soviet-bloc. 
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£193/E483 
AUTHORS : ines..,5- 18.) Grebennik I.P and Smushkov 1 V 
We re eg 
TITLE: Electron and X-Ray Diffraction Studies of the 
Heterodiffusion Coefficaents in the Nackel -Chromium 
System 
PERIODICAL: Fizika metallov } metallovedeniye 1960 Vol 10, No © 
TEXT: In the first stage of the present investigation the 
heterodiffusion in the Ni-Cr system was studied with the aid of a 
high-temperature electron diffraction camera The experimental 


specimens were prepared by vacuum deposition, an NaC] substrate 
having been used to deposit consecutive leyers of quartz. nickel 
chromium and quartz. (The layers of quartz served to prevent 
preferential oxidation of chromium during the diffuspon annealing) 
The total thickness of the Cr-Ni layer was 1.7 x 10°° cm. chromium 
having been deposited in such a quantity that on the completion of 


the diffusion annealing an alloy, containing 20 to 25 at.% Cr ri 
was formed. Two variants of the specimens were made : 
(1) "equilibrium" nickel - "equilibrium" chromium and 

(2) "equilibrium" nickel - "non-equilibrium" chromium The variant 
card 1A 


APPROVED : 
FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9" 


"APPROVED FO : 
, iAiseatna 06/15/2000 CIA-RDP86-00513R001340920003-9 


5/126 /60/010/006/01 4/024 
£193/E483 


Electron and X-Ray Diffraction Studies of the Heterodiffusien 
Coefficients in the Nackel-Chromium System 


(1) specimens were prepared by rapid deposition of nickel from 
strongly super-heated source on to 4 substrate pre-heated to 

about 400°C, followed by rapid deposition of chromium on to the 
nickel layer whose temperature was about 300°C To produce the 
variant (2) specimens, nickel was deposited in the same way as 1” 
variant (1) but was allowed to cool to room temperature before the 
deposition of chromium was carried out The electron diffraction 
pattern of the variant (1) specimens consisted of two systems of 
narrow lines, whereas those obtained for variant (2) specimens had 
narrow nickel lines and diffuse chromium lines. The mean value of 
the diffusion coefficient D for the variant (1) spe-imens varied 
from 24.1 x 10-15 cm2/sec at 600°C to 0.415 x 10 5 eme@/sec at 
520°C; in the case of the variant (2) specimens. D variea from 
48.2 x 10° 15 cm2/sec at 550°C to 2,41 x 10-15 cm2/sec at 450°C 
The activation energy for diffusion and the pre exponential factor 


calculated from these data. were Q - 51500 cal/mol and 
Do =: 0.18 cm /sec for the variant (1) specimens. the correspondins 
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Electron and X-Ray Diffraction Studies of the Heterodit fusion 
Coefficients 1n the Nichel-Chromium System 


values for the variant (2) specimens being %4600 -al/mol and 

1.6 x 10-5 cm“/sec. The specimens used for X-ray diffraction 
analysis consisted of 1.5 mm thick discs of electrolytic nickel 
(vacuum-annealed at 1400°C) on which a 5 to 6 micron thack layer of 
chromium had been electrodeposited The diffusion annealing 

(at 700, 800 and 900°C) was carried out in a bath of molten bert 
oxide. The concentration- dependence of D. determined by X-ray 
diffraction, was similar for all three test temperatures 

D decreasing with increasing concentration of chromium At 900 C 
D decreased from approximately 1 x 10° cm7/sec at 4 at % Cr ty 
0.3 x 10° cm2/sec at 33 at,% Cr The actavation energy Q 
varied between 30 and 40 kcal/mol the Q_ versus concentration 
curve having 4 maximum of 4O kcal/mol at 18% Cr anda local 
minimum of 33.5 kcal/mol at 30% Cr The Dg versus concentration 
curve also passed through a maximum at about 18% Cr The graph 
illustrating the relationship between log D and 1/T and 
constructed from data obtained by electron diffraction on the 
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variant (1) specimens and by X-ray daftraction on electrolvt rs 


specimens, constituted 4 single straight line. indicating @ ltrs 
agreement between the results obtained by both methods. The 
students Yu.Krot, v.Solunskiy and D.Sherman participated in the 
work. There are 6 fagures. 3 tables and ll references 


9 Soviet and 2 non-Soviet (one of which 18 translated into Russian! 
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AUTHOR: Pines, Baxa- 
eh ee IE a 
“TITLE: On the Kinetics of Sintering in 4 Solid Phase 
PERIODICAL: Fizika metallov i metallovedeniye, 1960, Vol.10, No.5, 
pp.750-755 
TEXT: A critical analysis is presented of the phenomena which 


had been investigated by Lifshits and Slezov (Ref.1) and Garber et 
al (Ref .2). In the former case the kinetics of decomposition of 
a super-saturated solid polution|was studied, with particular 
reference to the late stages of he process during which 
coalescence of the grains takes place. New laws were established 
regarding the time dependence of the maximum radius of the 
precipitated "inclusions" and of the degree of super-saturation of 
solid solutions. The theory postulated by Lifshits and Slezov was 
applied to elucidate the mechanism of sintering of metal powders 
and it was shown that this process can be regarded as consisting of 
two counter-current phenomena: (1) growth of pores ("woid crystals") 
and their coalescence in regions distant from the grain-boundaries, 
and (2) "dissolution" of pores accompanied by ejection of vacancies 
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On the Kinetics of Sintering in a Solid Phase 


(from the super-saturated solution), which then diffused to the 
external boundary of the particle where so-called "sintered skin" is 
formed. In the latter case, the time-dependence of the process 

of sintering and coalescence of pores in rock salt was 
experimentally determined, the results confirming the theoretical 
predictions made by Lifshits and Slezov. The present author shows 
that expressions derived by the Jatter workers are valid only if 

it is assumed that, parallel to sintering and coalescence, 
decomposition of the super-saturated solid solution takes place 

and derives an expression for the time-dependence of the thickness 
of the sintered skin, which is simpler than that derived by 
Lifshits and Slezov. He also shows that the mechanism of 
sintering, discussed by these workers, is not applicable to 

powders such as are used in powder metallurgy, being valid only for 
materials which are initially pore-free and which become porous 
only after heating, during which formation of a super-saturated 
solution of vacancies takes place followed by ejection of the 
excess vacancies from the solution. The implications of the 
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difference between these two processes are discussed in detail and 
it is suggested that, to avoid confusion, the process associated 
with the dissolution and precipitation of vacancies should be 
referred to a8 "precipitation sintering". There are 8 Soviet 
references. 
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